Introduction 1
In France, cooperatives produce 41% of the wine. 1 Yet, all French regions have not adopted cooperative organization to the same extent (Touzard et al. 2008) . It has been observed, for example, that the French departments with considerable orographic conditions (Alpine departments, the Pyrenees, the Rhone Valley) widely use cooperative organization (Fig. 1 ). This article thus focuses on this type of mountain territory. While the literature on cooperative systems and especially wine cooperatives is abundant, covering economic (Piesse et al. 2005; Pitcher, 2012) , sociological (Ewert, 2005; Chiffoleau et al. 2012) , and geographic aspects (Schirmer, 2007; Touzard, 2010 , Touzard et al., 2010 , here we address the issues raised by a multi-agent system (MAS) (Banos, 2013) . This type of approach makes it possible to explore and understand the complex interactions at work between societies and their territories, while starting from individual behavior (Bousquet and Le Page, 2004; Gilbert and Troitzsch, 2005) . Using a MAS also enables an interdisciplinary approach, linking geography, economy, and local actors, with the model mediating among them (Smajgl et al., 2011) . We focused on the territories of AOC Banyuls Collioure in France and the Val di Cembra in Italy to build our model in an empirical and iterative manner (Janssen et al., 2006; Robinson et al. 2007; Smajgl et al., 2013) . This construction was carried out on the basis of interviews and observations of the territories that were then formalized as 'interaction agents' in a model that we have entitled CIVIsMe.
3
For AOC Banyuls and Collioure (in the Mediterranean part of the French Pyrenees), cooperation plays a very important role. Today, three co-ops stand out: GICB, Étoile, and Dominicain, comprising just over 78% of the wine-growing areas and over 94% of the wineries of the territory. While independent organizations account for a non-negligible proportion of surface area (21%), they represent only a few wine growers (5%). Generally speaking, cooperation in these territories is a necessity for many growers, who have very small vineyards (the average area per grower was 1.9 hectares in 2012) and limited oenological knowledge. Since the income from the grape harvests barely covers the additional costs of production on sloping terrain, there has been gradual abandonment of wine production on the slopes. The Val di Cembra region (in the eastern part of the Italian Alps) is located in one of the five autonomous Italian regions with special status, the province of Trentino, which gives it high management flexibility. Thus, since the 1970s, viticulture has largely been subsidized to counter the general rural exodus. Cooperatives here also play a fundamental role in organizing the region, and wine growers deliver their harvests to two cooperatives: Cantina sociale di Lavis and Cantina sociale di Mezzocorona. Cooperatives ensure growers stable revenue which, combined with regional subsidies, provides growers with a relatively comfortable income.
5
In these two territories, there is a risk of decline in mountain viticulture (of varying degrees), due to rural exodus and a preference for viticulture on the plain. In this study, we seek to formalize and explore socio-economic (number and characteristics of holdings) and landscape (maintenance of viticulture) developments in a given region when agents are given the possibility of organizing themselves in a cooperative structure. The present study examines areas in which cooperatives already exist (and not the creation of cooperatives). Furthermore, we have chosen to focus on a cooperative's impact on its territory rather than on the internal operation of the cooperative, in contrast to Young (2002) , Bowles et al. (2002) and Delay and Marcelin (2014 
Methodology
Developing the model 6 We describe the model based on a UML diagram 3 ( Fig. 2) : each class is defined by three cases respectively comprising a class of agents and attributes (variables) presented in the paragraph "Entities, variables, scale" as well as potential processes (actions), which follow one another as presented in the paragraph "Processes and scheduling" (Fig. 3 ). This diagram also presents the links between the classes.
Objectives 7
We analyze the impact of the cooperative system on socio-economics (changes in the number of farmers and the size of vineyards, inequalities) and on the landscape (proportion of surface area planted as vineyards on the plain or on the slopes).
Entities, variables, and scale 8
The CIVIsMe model is designed to complement the LAME model (Delay et al. 2012) 4 to address the question of cooperation in the wine producing areas, in addition to the land issues. The base unit (the scale) is the plot, which is uniform in size throughout the territory. The model includes two classes of reflective agents, which make decisions (growers and cooperatives) and three classes of non-reflective agents, i.e. those which do not make decisions (the landscape landscape, the plots landcell and the village locality).
UML Diagram for CIVIsMe Model : agents and activities
Author: E. Delay The village is defined by its location and has two possible types of actions: sell plots to or buy plots from wine-growers (they do not sell or purchase their plots directly, but do so via the village, which serves as the marketplace).
10 The landscape (landscape) consists of all the plots, growers, and villages.
11 Each plot is defined by its slope, its owner (owner), annual earnings from its sales ( annualGain), the costs generated by maintenance and production work (annualCost), its possible sale, its price and its location (plain or mountain).
12 The growers (vingrowers) are defined by nine attributes:
• Their financial resources (capital);
• The list of their plots (myplots);
• Their situation as an independent or within a cooperative (cooperateur);
• The name of the cooperative to which they are affiliated
• Their memory (memory calculated from capital_list and myTime) in which incomes from the past x years are stored to make decisions based on reason;
• A propensity to accepting the risk of leaving the cooperative: when myAlpha is high, the grower is risk averse, otherwise the grower is risk prone; and
• A capacity for reasoning mySmV to evaluate whether conditions at a given moment t are conducive to joining or leaving the cooperative.
13 Agents of the cooperative class are related to winegrower agents. The attribute of cooperateurs is assigned to growers who are members of the cooperative. Joining the cooperative has a financial impact: a bonus is attributed to them because the cooperative enables winegrowers to cut production costs by sharing winemaking equipment. A malus is assigned to cooperative members because the cooperative pays them a lower price for their harvest, since the grapes are unprocessed. The sum of members' plots gives the total area of the plots that are assigned to the cooperative (surface_production), making it possible to deduce the volume of grapes to be produced (production_kg) because all the plots in the model have the same yield. The cooperative, like the growers, is attributed with a memory that remembers their production capacities (list_production) (always in kg of grapes), making it possible to define strategies (my_memory_coop) based on the past behavior of the farmer-members of the cooperative over time (my_time_coop: number of years taken into account by the farmer-member to make decisions).
14 We consider that an iteration represents one year, which enables us to isolate management practices and resolve each iteration when the product reaches the market.
Processes and scheduling 15 There are eight processes in this model (the numbers refer to Fig. 3 ) divided between two classes of agents in the following manner:
1. Winegrower:
• • Cooperation (1): remain cooperative or independent or change one's situation. A winegrower leaves the cooperative if the gains expected outside the cooperative are sufficiently above the alpha threshold and if the winegrower has sufficient financial resources to invest in the necessary winemaking equipment.
• Sale of a plot to the village (2) as soon as end-of-year financial resources are insufficient to cover the expenses of the next winegrowing cycle.
• Update of financial resources (updateCapital, 3).
• Purchase of a plot (4): a year's profits are converted into the purchase of plots, with the requirement of maintaining sufficient financial resources to cope with the annual production costs.
• Update of the amount of labor (emplois, 5): the amount of work depends on the number of plots and the slope of the plot. All agents have the same capacity for work. If the amount of work exceeds their capacity, part-time workers is employed. 1. Cooperative:
• • Inventory adjustment (6, definition_taille) : year-end tallying of requests to join or leave the cooperative and sum of the members' plots, in order to calculate the total area allocated to the cooperative.
• Strategy (7):
• Calculation of the strategy: the cooperative sets itself a maximum threshold volume of wine grapes by choosing a pre-defined factor according to size (this coefficient is calculated from changes in volumes over the past four years).
• Implementation of the strategy: the cooperative accepts new members during the year if the total of their plots does not lead it to exceed the maximum threshold set earlier; otherwise it offsets their entry to the following year.
• The model can also make the cooperative disappear to assess the impact of its absence
(die).
16 A detailed description of the model is available in Appendix A. Steps for the CIVIsMe process
Author: E. Delay
Results and discussion 17 The results of this model can be approached from two angles to assess the cooperative's impact on the territory: first, assessing its impact on the structure of the socio-economic fabric, and second, on the continuation of winegrowing on sloped terrain. In the first simulation, all the areas had the same characteristics (at the original location near the plots, which is determined randomly for each simulation). Following that, we qualified these results on the cooperatives' impacts by showing that the impacts vary according to the characteristics of the regions. In fact, we distinguished two types of areas according to whether joining or leaving the cooperative (to experiment with working individually) was more or less frequent. We named these areas 'risk averse' and 'risk prone' because leaving the cooperative means taking an individual risk: 5 depriving oneself, at least temporarily, of a collective safety net. Table 1 summarizes the results of 20,000 simulations. At first glance, these results may seem surprising, since income inequality was higher in a cooperative compared to not being in a cooperative (Gini index over 40%). Yet, these apparent inequities in a cooperative are due to the lower bankruptcy rate of small growers. In fact, the cooperative corrects inequalities because it reduces the risk of bankruptcy for smaller growers. The cooperative does not, however, result in a redistribution of income; rather, it perpetuates the level of local inequalities in accordance with Jayet's research (1993). Thus, this enables the social and spatial fabric to continue to exist, as social positions are not changed (Bort, 2003) and there is no revenge of small landowners against large. However, the cooperative does prevent an increase in inequalities, since in the absence of a cooperative, the size of vineyards increases (capital greater than 38%) as a consequence of the bankruptcy of smaller growers whose land is acquired by the remaining growers.
19 It appears that the cooperative is positioned as an interface between the global market and local production (Pecqueur, 2007) in order to provide better economic results for the largest number. Small winemakers practicing part-time viticulture, like full-time winegrowers, find opportunities for sales through the same organization. More importantly, this even enables smaller growers to survive outside the cooperative. The results show that the capital of independent producers in a context with cooperatives is much lower than the capital of winegrowers in a context without cooperatives. This fact can be explained by the 'safe haven' aspect of the cooperative. Some growers remain in the cooperative over the long term, while others join the cooperative only to launch their business or in times of crisis. This option enables them to consolidate their vineyards, including those of small size which would not be able to survive difficult periods without this possibility of shelter.
20 From a spatial and landscape point of view, here again, the existence of a cooperative had a considerable impact on the spatial organization of vineyards, as can be seen in Table 2 : 21 Looking broadly at the regions under consideration, it is clear that the cooperative makes it possible to double the cultivated area: 37% of the region's land is cultivated compared to 16% in a context without cooperatives. In particular, it is the steeper areas that are cultivated in a cooperative context. The steeper areas, which are more difficult to cultivate, are maintained primarily thanks to the cooperative: 58% of the growers cultivate steep plots (slope of over 10°) compared to slightly over 12% of growers in a context without cooperatives. In areas of steep slopes, fewer possibilities exist to reduce the costs associated with working in the vineyards (for example, no mechanical tractors are possible). Therefore, the possibility of reducing the costs of winemaking by pooling resources within a cooperative is an essential condition for continuing to cultivate such vineyards. The cooperative makes it possible to cultivate lands which would not be profitable without a cooperative. More importantly, continuing to cultivate plots on steep slopes maintains the collective identity of the region: these highly visible vineyards on steep slopes are essential for the regions' image. Winegrowers who cultivate these sloping spaces work not only for themselves, but also for the collective by maintaining the identity from which all winegrowers, including the independent producers, benefit when marketing their wines.
22 In Banyuls, for example, we find very small vineyards (Briffaud and Dalavasse, 2012), cultivated by older winegrowers and retired people or as a supplementary job (Chiffoleau, 1999) . According to our simulation results, it is likely that these winegrowers would not be able to cultivate on steep slopes without a cooperative. It is impossible to directly test the hypothesis that the cooperative structure enables the survival of vineyards on steep slopes, since we cannot simply remove a cooperative during a certain period in a given territory. Thus, simulation methods offer the advantage of testing situations which cannot be tested in real-life experiments.
23 In addition, there is the 'safe haven' effect observed in the analyzing the data of the previous table. The cooperative not only affects the average degree of slope cultivated by cooperative members, but also has an indirect effect on the average slope of independent growers, since they can seek 'shelter' in the cooperative in difficult times and thus do not have to abandon their less profitable land, particularly on steep slopes. The average slope of independent winegrowers in a context with cooperatives is three times higher, at 15°, than the average gradient of independent winegrowers in a context without cooperatives.
24 These results may of course vary according to the types of regions, and many additional features can also be incorporated through various extensions of the model. Here, we distinguish between 'risk-averse ' and 'risk-prone,' 6 which differentiates the regions of Val di Cembra and Banyuls (see Appendix A for the formal integration of these concepts within the model). Insofar as the Val di Cembra benefits from a policy of subsidies linked to the specific status of the Province of Trento (and not specific to cooperatives), winegrowers' revenues are relatively higher than those of Banyuls. Thus, the Italian growers are less motivated to increase their income, for example, by testing individual ways of working to sell their crops at a higher price. Conversely, since wine growing does not benefit from such subsidies in Banyuls, incomes there are low and growers probably feel a greater need to seek ways to get a higher price for their crops, including via individual trajectories as our interviews demonstrated. The box plot diagram in Figure 4 presents the results for a single variable (average slope) for three territories: a risk-prone region with a cooperative, a risk-averse region with a cooperative, and a region without a cooperative. Since we define risk aversion/propensity here as the inclination to follow individual rather than collective trajectories (see note 5), it is unnecessary to introduce this distinction into a context without cooperatives.
25 As for the average slope of the vineyards, (Fig. 4) there is a difference between regions with and without a cooperative compared with the results of all regions combined based on Table 2 . While independent winegrowers always have a higher average slope than in the context without cooperatives, in this case, the independent winegrowers from the risk-averse regions with a cooperative have an average slope less than that of the wine growers without a cooperative. However, this does not call into question the general result that the cooperative protects the steeper vineyards better, since the average slope for all growers combined remains higher.
Results for 1040 simulations
Author: E. Delay 26 Analysis of the indicators in Table 3 provides a better understanding of the variability of the impacts of cooperatives based on the regions' characteristics. Although the cooperative provides protection from business failure, it only tempers the risk of failure depending on the cultural or political characteristics of the region (see note 6). Yet, the cooperative can also affect the bankruptcy threshold and constitute a tool for regional policy: if it makes the conditions for joining or leaving the cooperative more difficult, it helps limit the number of bankruptcies. While many theorists argue for more lenient cooperative by-laws (for a review of the literature, see Chevallier 2013), these findings show that stricter cooperative rules can serve the general interest. In a context of excessive concentration of holdings in the hands of a few, which means the risk of a low transmission of local culture and the region's dependence on decisions made by a few individuals, it may be beneficial to have more control over joining and leaving cooperatives (for example by only allowing exits once per year through a vote during the Annual General Meeting). Yet, Table 3 shows no difference in the proportion of the region that is cultivated. From the point of view of cooperative organization, the historic objective has been to maintain viable viticulture for the largest number of growers. Offering a quality product corresponding to the market and the desires of consumers are relatively new goals for cooperatives. To motivate cooperative members to work towards these new objectives involves mobilizing marketing tools that relate to the connections between the winegrower, the landscape and the consumer (Schirmer, 2007) . In the two regions studied here, the vineyard landscape is widely used to promote the region's products on the market (Alcaraz, 2001).
28 The cooperative system, widely criticized as "an archaic form, unsuited to the current challenges of globalization" (Draperi and Touzard., 2003), should be considered as the historical catalyst of these landscapes, rather than as an obstacle to be circumvented by accelerating the dynamics of standardization announced by Oppenheimer in the 1920s and promoted by many writers and jurists throughout the 20th century (Nicolas and Vienney, 1995) . All types of producers (cooperative and independent), benefit at different levels from the existence of cooperatives, which promote the continuation of winegrowing in mountainous and steep terrain. At the socio-economic level, the cooperative may also be considered to be a stabilizer, in line with Vienney (1980) . In the end, the cooperative is a means of preserving both the landscape and the social fabric by enabling small winegrowers to continue to exist without threatening larger producers. In the final analysis, maintaining these landscapes is vital for marketing in the communications and in the architectural heritage that are proposed to wine lovers, who appreciate the beverage as much as they do its place of origin. 
